A double-blind comparison of carbonated bupivacaine and bupivacaine hydrochloride in extradural anaesthesia was performed in 40 patients. No significant differences in the onset times, sensory blockade, motor blockade and duration of anaesthesia were demonstrated. Carbonated bupivacaine does not appear to offer any advantage over the hydrochloride salt for extradural anaesthesia.
Carbonated local anaesthetic agents may have advantages over the hydrochloride salts because of their shorter latency and improved sensory and motor blockade. Bromage and colleagues (1967) reported a more rapid onset of anaesthesia and more profound sensory and motor blockade following the extradural administration of lignocaine CO g and prilocaine CO S . Moreover, in brachial plexus block Bromage and Gertel (1970) observed a marked decrease in the onset time of anaesthesia from a mean value of 14 min with lignocaine HQ to 8 min with lignocaine CO 2 .
Bupivacaine is a long-acting agent which usually demonstrates a slow onset of action and minimal motor blockade. For example, Bromage and Gertel (1970) reported an average onset time of 23 min for bupivacaine compared with 14 min for lignocaine following brachial plexus blockade with these agents. Carbonation of bupivacaine has been attempted as a means of reducing the latency and Eckstein and co-workers (1978) observed a more rapid onset of extradural anaesthesia with bupivacaine CO a . Unfortunately, these workers did not study the hydrochloride and carbonated salts of bupivacaine under controlled conditions. The present double-blind study compared the anaesthetic properties of bupivacaine HC1 and CO 2 in extradural blockade. studied. All were premedicated with diamorphine 5 mg and atropine 0.6 mg i.m. approximately 45 min before anaesthesia. In each patient the extradural space was identified at L2-3 using a loss of resistance technique and a catheter inserted and positioned with the 9-cm mark at the skin surface. All the catheters were inserted by the same anaesthetist. Before the local anaesthetic was injected the patients were turned supine and horizontal. The patients were divided randomly into two groups, similar in age, height and weight (table I). One group received 0.5% bupivacaine HQ 20 ml and the second group received 0.44% bupivacaine CO 2 20 ml. These solutions contain equal amounts of bupivacaine base. The onset and spread of the sensory block and the degree of motor block were assessed every 2 min for 30 min after the injection of bupivacaine but before the start of surgery. The arterial pressure and heart rate were measured at 5-min intervals. All the assessments in all the patients were made by the same observer who was unaware which drug had been given.
The dennatome level of sensory block was tested by pin-prick. Analgesia was denned as the loss of sensation of sharpness and anaesthesia as the loss of sensation of touch. The upper extent of the bloc* was noted, but the lower level was not determined.
Motor block was scored on a scale of 0-3. A score of 0 was awarded when there was no motor block, 1 when there was objective evidence of muscle weakness in the legs, 2 when the patient could not raise her heels from the table and 3 when she could not bend her knees to 90°. Thirty minutes after the injection of bupivacaine the patient was anaesthetized with thiopentone and the surgical procedure commenced. During the operation light general anaesthesia was maintained with nitrous oxide in oxygen. Halothane was added to the inspired gas if required. At the completion of surgery, the patient recovered consciousness rapidly and the sensory and motor blocks were assessed at intervals. "Two-segment regression" could not be measured because several of the blocks had regressed more than two segments by the end of surgery, so four-segment regression times and the time until sensory blockade was not detectable in the thoracic dennatomes were calculated. The patient's ability to elevate her heels from the bed was taken as the end-point of motor blockade. The statistical significance of differences between the data from the two groups of patients was determined using Student's t test
RESULTS
The mean onset times for sensory and motor blockade are shown in bupivacaine HQ, Similarly, the time for maximum spread of anaesthesia (loss of touch sensation) was 22.2 min for bupivacaine CO 2 and 22.7 min for bupivacaine HC1. The mean onset time for a motor block score of 1 (first sign of weakness) was 8.4 min for bupivacaine CO 2 compared with 8.5 min for bupivacaine HQ. A motor block of 2 (unable to raise heels) was reached in 14.7 min using bupivacaine COj and in 16.4 min with bupivacaine HQ. Motor block of 3 (unable to bend knees) was reached in 20.7 min with bupivacaine CO 2 and in 22.6 min using bupivacaine HQ. The mean onset times for bupivacaine CO 2 were all shorter than the equivalent times for bupivacaine HC1, but the differences were not statistically significant Figure 1 compares the onset of maximum analgesia and anaesthesia. The pattern of onset is similar for both drugs. The asterisks indicate that three patients in each group did not reach maximum spread within 30 min because the dermatome level changed between 28 and 30 min. The onset pattern of the motor blocks was similar for the two groups. All the patients reached a motor score 1, 18 of the bupivacaine CO 2 and 16 of the bupivacaine HQ reached a score of 2, and only 11 of each group reached a score of 3.
The time required for the blocks to reach specified dermatome levels showed no advantage with either solution. Bupivacaine 20 ml of either type could only be relied on to produce adequate analgesia for lower abdominal operations and at least 20 min was required for the onset of the block.
The duration of the blocks is shown in table III. There was no significant difference between the groups, the average duration of thoracic analgesia being more than 5 h and of motor block more than 4h. The changes in arterial pressure and heart rate in each group were similar. In both groups the systolic arterial pressure decreased by between 10 and 20 mm Hg within 10 min compared with the pressures before anaesthesia. The CO S group had a slightly greater decrease in systolic pressure and at 5 min there was a significant difference. Diastolic pressure showed a maximum decrease of just over 10 mm Hg and there was no significant difference between the groups. The mean heart rates showed only small changes in either group.
DISCUSSION
The study showed that carbonated bupivacaine had a slightly more rapid onset of action than bupivacaine hydrochloride but did not produce better sensory or motor blockade.
The combination of carbon dioxide with local anaesthetics may potentiate their action by a direct depressant effect of carbon dioxide on the axon, or by increasing the concentration of local anaesthetic inside the nerve trunk and by converting local anaesthetic to the active cation at the site of action inside the nerve (Catchlove, 1972) . Carbonation may increase blood flow at the site of injection and so increase the removal of anaesthetic from the nerves.
The onset times of extradural anaesthesia with carbonated salts of lignocaine and prilocaine have been shown to be 30% shorter than with the hydrochloride salts (Bromage et aL, 1967) and improved sensory and motor blockade were reported also. Bupivacaine, with its relatively slow onset, would seem to be a suitable agent for carbonation. However, in this double-blind srudy the differences between the carbonated and hydrochloride solutions were neither clinically nor statistically significant. Reports by Bromage (1978) and Eckstein and co-workers (1978) have shown that the onset time with bupivacaine COj is only very slightly less than with bupivacaine HCL In addition, these studies demonstrated a shorter duration of effect of bupivacaine COg, but this was not confirmed by our investigation.
Nevertheless, an enhanced rate of block can be demonstrated in vitro in an isolated nerve with bupivacaine CO 2 (Catchlove, 1973) . The failure to demonstrate a significant difference between bupivacaine CO, and bupivacaine HQ in the present study may indicate that the CO a is buffered before it can exert a significant effect on an agent which has an intrinsically slow onset time. In addition, the absorption of bupivacaine may be increased by COj, which would decrease the amount of drug available at the site of action. Appleyard and colleagues (1974) demonstrated that extradural blockade with bupivacaine CO 2 produced greater plasma concentrations of bupivacaine than bupivacaine HQ, although they did not compare the clinical effects of the nerve block.
It must be emphasized that the present study was concerned with extradural block only and different results might be obtained at other sites of injection. It may be the complicated mechanism involved in producing an extradural block (Bromage, 1978) that nullifies the enhancing effects of carbonation.
Of some clinical interest was the generally disappointing performance of 0.5% bupivacaine in extradural block for surgical procedures. Its relative sparing of motor function, so useful in providing continuous analgesia in labour, is a disadvantage in surgery and its very long latency (in six of 40 patients maximal spread still had not occurred after 30 min) is a particular handicap.
